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Description 

side effects. develoDed numerous oral delivery systems for hydrophobic drugs. 

[0003] Overtheyearsthedrngformulationarthasdeyelopedn^ 

Many such systems are oil-based, the hydrophobe dmg being ^ s £™ °[ *^ nentfor promoting drug absorption. 
conteinac»-so.ventForsuchfo^^ 

which' in turn, produces variable ^^^^^J^^^ fluids it is the norma, practice in oil- 
[0004] Accordingly, in order to increase HLB<10) are capable 

based pharmaceutical formulations to include a s u urfacta "^^^ ns ' P re P normally t00 cru de. in terms of size, to be 
ofprom^ngsomeemuisiflcationof^ 

useful. Hydrophilic surfactants (..e. HLB>10) are mucn sup ^ from the 

SoC*^ * * •» p-* oi| - based drug ,ormulations are 9enera,,y f,lled int0 hard 

S3"Sr exampies of oil-based formulations of hydrophobic drugs which have appeared in the recent patent 

fuppLfve agen, and the carrier for the cyclosporin comprises the fo.lowmg components. 

W a transection product of a natural or hydrogenated vegetable oi, trig.yceride and a po.ya.ky.ene polyol, 



(b) ethano!, and 
35 (c) a vegetable oil. 

which this specification discloses comprises: 
40 (a) a fatty acid triglyceride, 

(b) a glycero. fatty acid partial ester or propylene glycol or sorbitol complete or partial ester, and 

(c) a tenside having a hydrophilic-lipophilic (HLB) balance of at least 10. 

45 [0009] Uissuggestedthatthesecompositionsenableabso^ 

Lntially independent of the relative avai.abi.fly of b.^ acids tne form 0 f a microemulsion 

[0010] Another carrier system for cyclosporin is proposed in GB A zzti 
or microemulsion pre-concentrate which may typically compr.se: 

50 

(a) a hydrophilic phase, 

(b) a lipophilic phase such as a medium chain fatty acid triglyceride, and 
55 (c) a surfactant. 

[0011] Yet another cyclosporin carrier system is disclosed in GB-A-2257359. This consists essentia.ly of: 
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(a) 1 ,2-propylene glycol, 

(b) a mixed mono-, di- and triglyceride; and 

5 (c) a hydrophilic surfactant. 

[0012] WO92/10996 is concerned with improving the bioavailability of probucol. a serum cholesterol lowering agent. 
It proposes that the probucol be dissolved in a propylene glycol ester of fatty acids of the formula C x H 2x 0 2 wherein x 
is 4, 6, 8,10, 12, 14, 16. 

10 [0013] WO 91/02520 discloses hard gelatin capsules containing a fat-soluble nutrient, such as a fat-soluble vitamin 
or a fatty acid glyceride; a non-ionic surfactant; a gelatin softening agent; and optionally water. 
[0014] FR-A-2372635 describes pharmaceutical compositions which contain a pharmaceutically active ingredient 
and a self-emulsifying oil. Preferably, the self-emulsifying oil is formed from an appropriate oil and a non-ionic surfactant. 
[0015] EP-A-01 07085 discloses anhydrous emulsions comprising an oil phase and a hydrophilic phase of water- 

15 soluble but anhydrous liquids which are particularly useful as a filler matrix for medicinal preparations in capsules. 
[0016] JP-A-59148718 discloses compositions prepared by adding ubidecarenone to a mixture containing a hy- 
drophilic surfactant and a higher fatty acid, higher fatty acid monoglyceride or a mixture of higher fatty acid and lower 
fatty acid, dispersing the resulting mixture in water and freeze-drying the mixed micelles formed. 
[0017] WO-A-92/06680 describes biphasic release formulations for lipophilic drugs which comprise a C 12 -C 24 fatty 

20 acid and a generally lipophilic drug. A portion of the C 12 -C 24 fatty acid is formulated for non-sustained release on non- 
parenteral administration and a portion of the C 12 -C 24 fatty acid and at least a portion of the drug are formulated for 
sustained release on non-pa rente ral administration. 

[0018] WO-A-9 1/1 4429 discloses pharmaceutical compositions for oral administration containing ipriflavone as ac- 
tive ingredient in combination with oily vehicles which promote absorption of the ipriflavone. The oily vehicle is preferably 

25 selected from hydrogenated vegetable oils, glycerides, white chocolate, soya lecithin and mixtures thereof. 

[0019] US-A-3932634 relates to pharmaceutical compositions comprising at least one oil-soluble vitamin in water 
together with a dispersing agent comprising a mixture of polyoxyethylene sorbitan monooleate and an ester selected 
from polyethylene glycol 400 monooleate, decaglycerol dioleate and decaglycerol tetraoleate. The oil-soluble vitamin 
may also be blended together with corn oil or another mineral or vegetable oil. 

30 [0020] Chem.Abs. 90:76504 describes the effect of some excipients and adjuvants on the dissolution rate of ami- 
dopyrine from soft capsules. In particular, it was found that use of a surfactant enhanced the rate of dissolution of 
amidopyrine from a hydrophobic excipient and that 1% Tween 80 and 1% lecithin increased both the fluidity of the 
suspension and the dissolution of amidopyrine. 

[0021] JP-A-61275214 discloses a composition for use in orally administrate soft capsules containing mena- 
35 tetrenone, vegetable oils, polyoxyethylene sorbitan monooleate, medium-chain glycerol fatty acid esters and/or soya- 
bean lecithin. 

[0022] Finally, W092/2134 discloses a pharmaceutical formulation for a specific benzodiazapine, viz 3R(+)-N-(2,3-di- 
hydro-l-methyl^-oxo-S-phenyl-IH-l^-benzodiazepin-S-ylJ-N-tS-methylphenyO-urea, in which the carrier comprises 
a pharmaceutically acceptable oil selected from the esterification or polyether products of glycerides with vegetable 
40 oil fatty acids of chain length C 8 -C 10 and a pharmaceutically acceptable surfactant selected from oleate and iaurate 
esters of a polyalcohol copolymerized with ethylene oxide. 

[0023] The above-discussed patent specifications are not intended to constitute a comprehensive review of the patent 
literature concerned with orally administratable formulations of hydrophobic drugs. However, they do serve to illustrate 
an important feature of current formulation technology, namely that it is generally found to be necessary to develop, 
45 more or less empirically, a separate carrier system for each hydrophobic drug. Thus, there currently exists no single 
drug carrier system which is suitable for a wide range of different hydrophobic drugs. The necessity to devise a separate 
carrier system for each drug is, of course, time-consuming and expensive. 

[0024] Moreover, the existing drug carrier systems which have been developed for hydrophobic drugs often do not 
provide a desired level of bioavailability, and accordingly for many hydrophobic drugs there remains the need to find 
50 a carrier system which will enhance the bioavailability of the drug in the gastrointestinal tract. 

[0025] It has long been observed that the bioavailability of many hydrophobic drugs can be improved if the drugs 
are administered with food. The patient is therefore often instructed to take the drug at meal times. A number of theories 
have been developed to explain this observation and these include: 

55 (a) delayed gastric emptying, allowing more drug to dissolve before reaching the small intestine or producing a 

longer residence time at specific absorption sites in the small intestine, 

(b) direct interaction and solubilization of drug by food (e.g. high-fat meals), 
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(coated increases, ^^-«*^*^< l ~^ m * 
(d) increased gastrointestinal secretions (e.g. of biie) improving drug so.ubi.ity. 
l0 o 26] However,itisusu,ynot^^^^ 

generally applicabie theory which can be used to •^SSlSlSSi affect the solubilization of hydrophob.c 
?0027] We h ave now conducted an extensrve ^g^S^SLv a carrier system for such drugs wh,ch 
drugs in the gastrointestinal tract, and as a result we ^^™"£L foliations of such drugs. 
? Tmany cases can give enhanced bioavailability as «JJ J sujtable for a wide range of 

0028] Moreover, the carrier system which we 

differenthydrophobicdrugs. wherebyt ^S^rSSSSrt and expense than has been usual hitherto, 
this observation, 

[0030] .heffndingthatthehydrophilicsuKac^ 
Lactualiy slowdown the lipolysisprocess^ 

encountered in obtaining a desired level ^^'^^proved earner systems for hydrophob.c drugs 
discoveries which we have made have enabled us to *J°P™P f ,, hilic surfactant component .n the 

fS Thus, the present invention in its broadest aspect prov J^J^™^^ or dissolved in a digestible o.. 
Z acture of a pharmaceutica, composition <"^J^^S1»£* oil is optional.y comprised by the 

on i» in*? *»ly* of «" *• * M " * . „ o, oan sow os in. soon* of Ipolyfc t™^ "»» " * 

ection of a lipophilic surfactant (i.e. a surfactant hawg an HUB ivawe c surfactant coltipone nt. 



45 



50 



55 



ants wnicn can uc u*>^ — r 

acid and caprylic acid. Oleic acid is preferred. 

2. Mono- and/or di-glycerides of fatty acids e.g. 

imwitor988 (glyceryl mono-/di-caprylate) 

Sor 742 (glyceryl mono-/di-ca P rylate/caprate) 

Imwitor 308 (glyceryl mono-caprylate) 

lmwitor191 (glyceryl mono-stearate) 

Softigen 701 (glyceryl mono-/d.-ncinoleate) 

Capmul MCM (glyceryl caprylate/caprate) 

Capmul GMO (glyceryl mono^leate) 

Capmul GDL (glyceryl dilaurate) 
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Maisine (glyceryl mono-oleate) 

Peceol (glyceryl mono-oleate) 

Myverol 18-92 (distilled monoglycerides from sunflower oil) 

Myverol 18-06 (distilled monoglycerides from hydrogenated soyabean oil) 

The preferred members of this class of lipophilic surfactants are the partial glycerides of capric/caprylic acid 
e.g. Imwitor 988 and Imwitor 742. 

3. Acetic, succinic, lactic, citric and/or tartaric esters of mono- and/or di-glycerides of fatty acids e.g. 

Myvacet 9-45 (distilled acetylated monoglycerides) 

Miglyol 829 (caprylic/capric diglyceryl succinate) 

Myverol SMG (mono/di-succinylated monoglycerides) 

Imwitor 370 (glyceryl stearate citrate) 

Imwitor 375 (glyceryl monostearate/citrate/iactate) 

Crodatem T22 (Diacetyl tartaric esters of monoglycerides) 

The preferred member of this class is Myvacet 9-45. 

4. Propylene glycol mono- and/or di-esters of fatty acids e.g. 

Lauroglycol (propylene glycol monolaurate) 

Mirpyl (propylene glycol monomyristate) 

Captex 200 (propylene glycol dicaprylate/dicaprate) 

Miglyol 840 (propylene glycol dicaprylate/dicaprate) 

Neobee M-20 (propylene glycol dicaprylate/dicaprate) 

The preferred surfactant of this class is Neobee M-20. 

5. Polyglycerol esters of fatty acids e.g. 

Plurol oleique (polyglyceryl oleate) 

Caprol ET (polyglyceryl mixed fatty acids) 

Drewpol 10.10.10 (polyglyceryl oleate) 

The preferred surfactant of this class is Plurol oleique. 

6. Castor oil ethoxylates (low ethoxylate content, HLB<10) e.g. 

Etocas 5 (5 moles of ethylene oxide reacted with 1 mole of castor oil) 

Sandoxylate 5 (5 moles of ethylene oxide reacted with 1 mole of castor oil) 

7. Acid and ester ethoxylates - formed by reacting ethylene oxide with fatty acids or glycerol esters of fatty acids 
(HLB<10)e:g. 

Crodet 04 (polyoxyethylene (4) lauric acid) 

Cithrol 2MS (polyoxyethylene (2) stearic acid) 

Maiiosol 183 (polyoxyethylene (3) stearic acid) 

Marlowet G12DO (glyceryl 12 EO dioleate) and 

8. Sorbitan esters of fatty acids e.g. 

Span 20 (sorbitan monolaurate) 
Crill 1 (sorbitan monolaurate) 
Crill 4 (sorbitan mono-oleate) 

[0035] The "Imwitor", "Miglyol" and "Marlosol" (trade marks) surfactants are obtainable from Huls (UK) Ltd, Milton 
Keynes, England. 
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by Tergo Data, Darlington, England surfac tants. we particularly prefer to use either fatty acris (.. 

U. MOKO .«e=l is paitaMy *»» ft" ™Xr o «e "n mis .plication p«M. to «*«* of «y 

tests are unsuitable for our purposes include: 

30 (HLB<10)e.g. 

Labrafil M1944CS (polyoxyethylated apricot kemal oil) 
Labrafil M2125CS (PO = |hy1ated corn o,,) 



f5 



20 



35 



40 



Labrafil M2125CS <poiyoxye U .y.<— ~»- 
Gelucire 37/06 (polyoxyethylated hydrogenated oil) 

2. Alcohol ethyoxylates (HLB<10) e.g. 

Volpo N3 (polyoxyethylated (3) o.eyl ether) 

Brii93 (polyoxyethylated (2) oleyl ether) 

Marlowet LA4 (polyoxyethylated (4) lauryl ether) and 

3. Polyoxyethylene-polyoxypropylene co-polymers and block co-po.ymers (HLB<10) e.g. 

SynperonicPEL42 (HLB = 8) 
49 SynperonicPEL61 (HLB = 3) 

used in the present invention. Some examples include: 

1 Phospholipids, in particular lecithins, preferably soyabean lecithins. 
2. Polyoxyethylene sorbitan fatty acid derivates e.g. 

Tween 20 (polyoxyethylene (20) monolaurate) 

Tween 80 (polyoxyethylene (20) monooleate 

SSV polyoxyethylene (20) monooleate) 

Montanox 40 polyoxyethylene (20) monopa.m.tate) 



50 



55 
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Tween 80 is preferred. 
3. Castor oil or hydrogenated caster oil ethoxylates (HLB>10) e.g. 

Cremophor EL (polyoxyethylene (35) castor oil) 

Cremophor RH40 (polyoxyethylene (40) hydrogenated castor oil) 

Etocas 40 (polyoxyethylene (40) castor oil) 

Nikkol HCO-60 (polyoxyethylene (60) hydrogenated castor oil) 



Cremophor RH40 is preferred. 
4. Fatty acid ethoxylates (HLB>10) e.g. 



Myrj 45 (polyoxyethylene (8) stearate) 

Tagat L (polyoxyethylene (30) monolaurate) 

Marlosol 1820 (polyoxyethylene (20) stearate) 

Marlosol OL15 (polyoxyethylene (1 5) oleate) 



Myrj 45 is preferred. 
5. Alcohol ethoxylates (HLB>10) e.g. 



Brij 96 (polyoxyethylene (1 0) oleyl ether) 

Volpo 01 5 (polyoxyethylene (1 5) oleyl ether) 

Marlowet OA30 (polyoxyethylene (30) oleyl ether) 

Marlowet LMA20 (polyoxyethylene (20) C 12 -C 14 fatty ether) 

6. Polyoxyethylene-polyoxypropylene co-polymers and block co-polymers (HLB>10) e.g. 

Syperonic PE L44 (HLB = 16) 
SyperonicF127 (HLB = 22) 



7. Anionic surfactants e.g. 



sodium lauryl sulphate 
sodium oleate 

sodium dioctylsulphosuccinate 

8. Alkylphenol surfactants (HLB>10) e.g. 

Triton N-1 01 (polyoxyethylene (9-1 0) nonylphenol) 
Synperonic NP9 (polyoxyethylene (9) nonylphenol) 



[0051] The most preferred hydrophilic surfactant is Cremophor RH40. 

[0052] The "Tween", "Myrj", "Brij" and "Synperonic" (trade marks) surfactants are obtainable from ICI Surfactants, 
Cleveland, England. 

[0053] The "Crillet", "Etocas" and "Volpo" (trade marks) surfactants are obtainable from Croda Chemicals, North 
Humberside, England. 

[0054] The "Montanox 40" (trade mark) surfactant is obtainable from SEPPIC, Paris, France. 

[0055] The "Cremophor" (trade mark) surfactants are obtainable from BASF, Cheadle Hume, Cheshire, England. 

[0056] The "Nikkol HCO-60" (trade mark) surfactant is obtainable from Nikko Chemicals Co Ltd, Tokyo, Japan. 

[0057] The "Marlosol" and "Marlowet" (trade marks) surfactants are obtainable from Huls (UK) Ltd, Milton Keynes, 

England. 

[0058] The "Tagat L" (trade mark) surfactant is obtainable from Th. Goldschmidt Ltd, Ruislip, England. 

[0059] The "Triton N-1 01" (trade mark) surfactant is obtainable from Rohm & Haas (UK) Ltd, Croydon, England. 

[0060] Again, mixtures of those hydrophilic surfactants may be used. 

[0061] An essential component of the present drug carrier system is the digestible oil. By "digestible oil" we mean 
an oil which is capable of undergoing deesterification in the presence of pancreatic lipase in vivo under normal phys- 
iological conditions. The digestible oil in the present invention serves not only the function of providing a base carrier 
for the hydrophobic drug, as in prior art drug formulations, but also and uniquely to the present invention, it serves as 
an iii vivo source of lipolytic products whereby the in vivo absorption of the hydrophobic drug is enhanced. 
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in, adds »ito W molecola, (W l0 , ^ JZ, (S! ^L) * "*»"<*' mM ° re ' ™" 
total fatty acids) 
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Example 



Soyabean 
Safflowerseed 
Corn 
Olive 

Cottonseed 

Arachis 

Sunflowerseed 

Coconut 

Palm 

Rapeseed (low erucic acid) 



C12.0 



0.1 
0 
0 
0 

0.4 
0.1 
0 

47.7 

0.2 

0 



C14.0 



0.2 

Tr 

0.6 

Tr 

0.8 

0.5 

0.1 

15.8 

1.1 

Tr 



C16.0 







10 
8 
14 
12 
23 
10.7 
5.8 
90 
41.5 
4.5 



C18.0 



4 

2.5 

2.3 

2.3 

2.4 

2.7 

6.3 

2.4 

4.3 

1.2 



C18.1 



25.0 
13.0 
30.0 
72.0 
21.0 
49.0 
33.0 
6.6 
43.3 
54.0 



C18.2 



52.0 
75.0 
50.0 

11.0 
49.0 

29.0 

52.0 
1.8 
8.4 

23.0 



C18.3 



7.4 

0.5 

1.6 

0.7 

1.4 

0.8 

0.3 

0 

0.3 
10.0 



C20.0 



0.3 

0.1 

0.3 

0.4 

0.2 

1.2 

0.6 

1.0 

0.3 

0.8 



almond and apricot kernel; and 

2. Animal Oils: These include fish liver saturated C 6 -C 12 fatty acids, for instance 

Further triglyceride oils which may be "^J^SSfc examples of useful capric and/or capryhc ^tog- 
fractionated vegetable oils e.g. Mn. « T£L 0. Captex 300, Captex 355 and Captex 8000 
tyC erideoi.sinc.ude: M ig-y^ 
The "Miglyol" oils are supplied by Huls (UK) lio, m« 
oils are supplied by Karlshamns. 

Ln.ion, to con.ro. toe rat. to -htoh the. V toi*** toe absorbed beta. to. W 

Kyoto* may somalimes cause preopiBbon el a drag bacauM I "=" p » a ^ te a «toa benafil to many 

P .tbL seised. Ac^to,,,^ 

oases Control of toe rate of Ipoters can be achieved by _ a «»oP a medium chain WJycendo. by 

Xn.n.s o, to. formtoaflon. and of — -J^Xi* * « f""™" ? ^ 

^rrmcr^r^» 

partial glycerides). hydrophilic surfactant and lipophilic surfactant in the preferred 

i0066] The relative proport.ons of the d.gesbble * oil, hydrop ^ ^ ^ wcento rt»r .of 

hydrophobic drug carrier system of th.s .nventon « "^JJ^JSng of the lipolysis-inhibiting properties of the 
.ipophilic surfactant must be sufficient ^^ZZ^^L^Ls. by weight, are preferred (the percent- 
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Component 


Generally Preferred 


More Preferred 


Most Preferred 


| Digestible Oil 


10-90% 


20-60% 


25-45% 


I Hydrophilic surfactant 


10-60% 


25-50% 


30-45% 


Lipophilic surfactant 


5-60% 


10^5% 


20-40% 



[0067] The above proportions will, of course, require adjustment if the lipophilic surfactant is used to provide some 
or all of the digestible oil component. 

[0068] It is a particular advantage of the present invention that the carrier system may be used with a very wide 
range of hydrophobic (log P > 2) drugs. Thus we have found that the inclusion of a lipophilic surfactant which is able 
to reduce or eliminate the inhibitory effects on thelipolysis of the digestible oil arising from the presence of the hydrophilic 
surfactant, or the selection of a hydrophilic surfactant which does not exhibit substantial inhibitory effects, enables the 
ready formulation of oral preparations of many hydrophobic drugs with high levels of in vivo bioavailability. Although 
for any given hydrophobic drug it is still necessary to select the digestible oil and surfactant system, and determine 
their relative proportions, for optimum properties, the main requirement of the carrier system, i.e. that it should provide 
a source of lipolytic products whose development in vivo should not be inhibited by other components of the system 
remain constant. Accordingly, much less effort and cost should now be needed in order to arrive at a satisfactory overall 
formulation of a hydrophobic drug than was hitherto the case. 

[0069] Among the hydrophobic drugs which may be formulated in accordance with the present invention may be 
mentioned the following: 



25 



Analgesics and anti-inflammatory agents: aloxiprin, auranofin, azapropazone, benorylate, diflunisal, etodolac, 
fenbufen, fenoprofen calcim, flurbiprofen, ibuprofen, indomethacin, ketoprofen, meclofenamic acid, mefenamic 
acid, nabumetone, naproxen, oxyphenbutazone, phenylbutazone, piroxicam, sulindac. 



30 



Anthelmintics: albendazole, bephenium hydroxy naphthoate, cambendazole, dichlorophen, ivermectin, meben- 
dazole, oxamniquine, oxfendazole, oxantel embonate, praziquantel, pyrantel embonate, thiabendazole. 

Anti-arrhythmic agents: amiodarone HCI, disopyramide, flecainide acetate, quinidine sulphate. 



35 



Anti-bacterial agents: benethamine penicillin, cinoxacin, ciprofloxacin HCI, clarithromycin, clofazimine, cloxacil- 
lin, demeclocyciine, doxycycline, erythromycin, ethionamide, imipenem, nalidixic acid, nitrofurantoin, rifampicin, 
spiramycin, sulphabenzamide, sulphadoxine, sulphamerazine, sulphacetamide, sulphadiazine, sulphafurazole, 
sulphamethoxazole, sulphapyridine, tetracycline, trimethoprim. 



Anti-coagulants: dicoumarol, dipyridamole, nicoumalone, phenindione. 



40 



Anti-depressants: amoxapine, maprotiline HCI, mianserin HCL, nortriptyline HCI, trazodone HCL, trimipramine 
maleate. 



Anti-diabetics: acetohexamide, chlorpropamide, glibenclamide, gliclazide, glipizide, tolazamide, tolbutamide. 



45 



Anti-epileptics: beclamide, carbamazepine, clonazepam, ethotoin, methoin, methsuximide, methylphenobarbi- 
tone, oxcarbazepine, paramethadione, phenacemide, phenobarbitone, phenytoin, phensuximide, primidone, sulth- 
iame, valproic acid. 



50 



Anti-fungal agents: amphotericin, butoconazole nitrate, clotrimazole, econazole nitrate, fluconazole, flucytosine, 
griseofulvin, itraconazole, ketoconazole, miconazole, natamycin, nystatin, sulconazole nitrate, terbinafine HCI, 
terconazole, tioconazole, undecenoic acid. 



Anti-gout agents: allopurinol, probenecid, sulphinpyrazone. 



55 



Anti-hypertensive agents: amlodipine, benidipine, darodipine, dilitazem HCI, diazoxide, felodipine, guanabenz 
acetate, isradipine, minoxidil, nicardipine HCI, nifedipine, nimodipine, phenoxybenzamine HCI, prazosin HCL, re- 
serpine, terazosin HCL. 
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pyrimethamine, quinine sulphate. meth¥ sergide maleate, pizotifen 

• ~ m^uiate erqotam ne tartrate, memyseryiu<= 
Anti-migraine agents: dihydroergotamme mesyiate, erg 

maleate, sumatriptan succinate. nvoscya mine, mepenzolate bro- 

• hpn7hexolHCI.biperiden,ethopropazmeHCI,hyoscyam.n 

Anti-muscarinic agents: atrop.ne benzhexol HO. 

miQe . oxyphencyicimine HC. trop.cam.de. _ 

Anti-neop,astic agents and == : -^"^ purine, met, 

Srambucii, cyciosporin. ^^TZ^eHCl tamoxifen citrate, testo.actone. 
o-te..^ 

Anti-thyroid agents: carbimazo.e. propyithiouraci.. ^ 

,, aoe „ts-bezaf.brate,c.of.brate,fenof.brate,gemf,bro Z i..probucoi. 
trate.pentaerythritoltetranitrate. 

• tam ,n A vitamin B,. vitamin D, vitamin E, vitamin K. 

boestrol. testosterone, tibolone. 
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Stimulants: amphetamine, dexamphetamine, dexfenfluramine, fenfluramine, mazindol. 

[0070] Mixtures of hydrophobic drugs may, of course, be used where therapeutically effective. 

[0071] An especially advantageous embodiment of the pharmaceutical composition of this invention comprises pro- 

5 gesterone as an active ingredient. 

[0072] The concentration of drug in the final pharmaceutical formulation will be that which is required to provide the 
desired therapeutic effect from the drug concerned, but generally will lie in the range 0.1% to 50% by weight, based 
on the weight of the final composition. However, in many instances the present compositions will have better bioavail- 
ability than known compositions of the drug concerned, whereby the drug concentration may be reduced as compared 

10 with the conventional preparations without loss of therapeutic effect. 

[0073] Without wishing to be bound by theory, the following discussion is presented to explain how we believe that 
the lipolysis mechanism enhances the dissolution of hydrophobic drugs. 

[0074] It is first necessary to consider the biochemical, and in particular the physical-chemical, changes experienced 
by a drug formulation containing a digestible oil (typically a triglyceride) during its passage through the gastrointestinal 
15 tract. 

[0075] In the stomach the oil is physically emulsified with gastric juice to form an oil-in-water (o/w) emulsion. Hydro- 
phobic drugs will reside predominantly within the dispersed (i.e. oil) phase of this emulsion as either a solution or partial 
suspension. 

[0076] The o/w emulsion is not digested to any significant extent in the stomach with the result that the hydrophobic 
20 drug will enter the upper small intestine (in subsequence to gastric emptying) as part of the oil phase. 

[0077] Once in the small intestine, the emulsified oil undergoes rapid lipolysis due to the action of pancreatic lipase 
and colipase which are secreted from the pancreas. This leads to the formation of distinct liquid crystalline product 
phases at the surface of the degrading fat droplets. These structures are comprised of monoglycerides and fatty acids, 
i.e. the end-products of triglyceride lipolysis. However, bile salts (secreted from the liver and gall bladder) then disperse 
25 and solubilize these liquid crystals forming vesicles and primarily mixed intestinal micelles. 

[0078] These sub-microscopic structures have liquid hydrocarbon cores which provide an excellent solubilising en- 
vironment for hydrophobic drugs. Thus, the mixed micelles formed between endogenous bile salts and the products 
of fat digestion are able to act as a "sink" into which hydrophobic drugs can partition as their primary solvent (i.e. the 
oil) is digested. 

30 [0079] In contrast, when there is no dietary fat undergoing lipolysis in the small intestine, hydrophobic drugs (e.g. 
administered as tablets) must first dissolve in water before they can become incorporated into the micellar structures 
(in this case, pure bile salt micelles). This aqueous dissolution of crystalline hydrophobic drugs is a significantly slower 
and less effective process than the flow of solubilised hydrophobic drugs from a fat droplet into mixed intestinal micelles. 
It is less effective because mixed intestinal micelles have a much higher solubilising power for hydrophobic drugs than 

35 pure bile salt micelles. This is illustrated with the hydrophobic antihyperlipoproteinemic drug fenofibrate which we have 
shown is > 20 times more soluble in mixed micelles than simple bile salt micelles. 

[0080] Mixed intestinal micelles, replete with solubilised hydrophobic drugs, migrate through the unstirred water layer 
to the surface of the absorptive membrane. The micelles are in fact highly dynamic structures in rapid equilibrium with 
water, i.e. they are constantly breaking down and reforming. Moreover, their breakdown is encouraged by the acidic 
40 pHs which are typically found in the micro-environment near the surface of the enterocyte membrane. It is therefore 
believed that monomeric hydrophobic drugs, dissolved in water, but in rapid equilibrium with the mixed intestinal mi- 
celles, are the actual species that are absorbed by the enterocytes. 

[0081] It is normally required that the pharmaceutical compositions of this invention should be homogeneous to allow 
controlled production of uniform products. As with conventional oil-based formulations, the use of a hydrophilic solvent 
45 may sometimes be helpful in achieving homogeneity and preventing phase separation between the various compo- 
nents. Examples of pharmaceutically acceptable solvents useful for this purpose include ethanol, triacetin and propyl- 
ene glycol. Ethanol is normally preferred. If used, the solvent will typically comprise 0.1 to 20% by weight of the drug 
carrier system, preferably 5 to 1 5% by weight. 

[0082] Other optional ingredients which may be included in the compositions of the present invention are those which 
50 are conventionally used in the oil-based drug delivery systems, e.g. antioxidants such as tocopherol, tocopherol ace- 
tate, ascorbyl palmitate, ascorbic acid, butylhydroxytoluene, butyl hydroxyanisole and propyl gallate; pH stabilisers 
such as citric acid, tartaric acid, fumaric acid, acetic acid, glycine, arginine, lysine and potassium hydrogen phosphate; 
thickeners/suspending agents such as hydrogenated vegetable oils, beeswax, colloidal silicon dioxide, gums, cellu- 
loses, silicates, bentonite; flavouring agents such as cherry, lemon and aniseed flavours; sweeteners such as aspar- 
55 tame, saccharin and cyclamates; etc. 

[0083] The pharmaceutical compositions for oral administration according to the present invention may be solid, 
liquid or semi-solid at ambient temperatures, but preferably are presented as liquids. Particularly preferred compositions 
of the present invention are liquid oral unit dosage forms, more preferably filled into hard or soft capsules, e.g. gelatin 
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[0092] 

. Calcium chloride 
• Sodium chloride 
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• Sodium hydroxide pellets 

• Tris-Maleate buffer (e.g. TRIZMA® MALEATE from Sigma Chemical Co., Dorset, England) 

5 • Standardised sodium hydroxide solution (e.g. 1.0 M (N) 'AnalaR' volumetric solution from BDH, Poole, Dorset) 

• Pancreatin (U.S. P. specification) as the source of enzyme activity. 

■ Sodium Taurocholate (sodium salt, approx. 98%) 

10 

■ L-a-phosphatidylcholine (L-oc-lecithin) type X-E from dried egg yolk 

[0093] The lipolysis tests should be performed in simulated intestinal fluid, pH 6.50, prepared as follows: 
[0094] Initially prepare 1 L of pH approximately 6.5 buffer containing 50 mM tris-maleate, 5 mM CaCI 2 .H 2 0 and 150 
15 mM NaCI by weighing the following into a 1 L volumetric flask and making up to the mark with distilled water: 

•0.74gofCaCI 2 .H 2 O 

• 8.77 g of NaCI 

• 11.86 g of tri-maleate 
20 • 1.59 g of NaOH 

[0095] Add approximately 0.42 g of sodium taurocholate to 100 mis of the pH 6.5 buffer described above. Gentle 
stirring will be sufficient to ensure that the bile salt fully dissolves. Warm the resulting solution to approx. 50°C (with a 
magnetic stirring/hotplate unit e.g. S.M.3. model from Stuart Scientific Co, Ltd, Eastleigh, England) and add approx. 
25 0.12 g of the solid lecithin with continuous stirring. The heat and agitation should be maintained until the lecithin has 
fully dissolved, typically about 30 minutes. 

[0096] Pour the 100 mis of simulated intestinal fluid, described above, into the pH-stat reaction vessel. 10 ui of 
antifoam (e.g. "Antifoam M" from Dow Corning) may optionally be added to the reaction vessel. 
[0097] The temperature of the simulated intestinal fluid in the pH-stat reaction vessel should be maintained at a 
30 constant 37.5 ± 0.5°C throughout the lipolysis test. This can be accomplished, for example, by circulating water from 
a bath with the aid of a suitable thermoregulator (e.g. a Thermomix® M.E Thermoregulator, B Braun Biomedical Ltd, 
Aylesbury, England, UK). 

[0098] When the simulated intestinal fluid in the pH-stat reaction vessel has reached the required temperature, add 
the appropriate weight of substrate (see later test for details). 
35 [0099] Move the pH-stat reaction vessel into position beneath the titration assembly. Check that good seals have 
been achieved and that there is no opportunity for the reaction mixture to escape from the vessel. Activate the stirrer 
and start timing (note: switching on the stirrer constitutes the zero time point). 

[0100] Maintain the stirring for 30 minutes, noting the pH every 5 minutes. The pH should settle to a constant level 
after 5-15 minutes and not change (e.g. by not more than ± 0.02 units) during the final half of the 30 minute period. If 
40 the pH changes by more than 0.02 units during this 15 minute period, then there is a fault with the equipment or set- 
up procedure and an experiment should not be performed until the problem has been rectified. 
[0101] Provided the pH has remained stable as described above, the experimental procedure can be continued as 
follows: 

[0102] At time = 30 minutes, titrate the pH up to precisely 6.50 (e.g. using 1 .0M NaOH using the autotitrator). Record 
45 the volume of titrant dispensed, then re-zero the titrant display reading on the autotitrator. 

[0103] At time = 35 minutes, add 1 .0 ml of pancreatin solution to the simulated intestinal fluid in the pH-stat reaction 
vessel. (The pancreatin solution should be prepared 20 minutes prior to use; see later text for details.) Immediately 
activate the titration system with the end point set at 6.50. Concurrently re-zero the timer and start timing again. 
[0104] The settings on the pH-stat (e.g. titration rate, proportional band) which control the titration speed should be 
50 adjusted so that the pH never differs from the target end point (i.e. 6.50) by more than ± 0.05 pH units. At the 60 minute 
point (i.e. 60 minutes after the addition of the pancreatin solution and the start of the titration) the volume of titrant 
dispensed should be noted. At this point the pH must be within ± 0.02 of the target end point (i.e. 6.50). 
[0105] The exact weight of substrate used and the concentration of the titrant are not especially critical. However, 
the digestible oil component of the substrate used should be approximately 1 .0 g in weight, in which case 1 .0M NaOH 
55 is recommended for use as the titrant. The exact weight of each substrate component added to the reaction vessel 
should be recorded. The molarity of the titrant (e.g. 1 .0M NaOH) should be traceable to a primary standard. 
[0106] In order to establish whether a hydrophilic surfactant is inhibiting the lipolysis of a digestible oil, lipolysis should 
be performed in accordance with the procedure previously described using the following substrates: 
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(a) the digestible oil component alone; 
Hpolysis test is now performed using the following substrate: 

{c)the digestible oil component togetherwith the ^v^)**^*^**™* 
(s) !T«75» - which they could be present in the test formu.at.on. 
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0108] If the molar quantity of titrant dispensed after 60 minutes ^ ~ 1 ' |egst substanti ally overcoming 
Pre paration o f Pancreatin Solutions 
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FCOiCremop hor RH40 ratio (w/w) 
4:1 

ziTi 



2:1 



Lipolysis aft er 60 minutes relative to FCO alone 
80% 
20% 



monolaurate) 
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ample, the addition of 1.5 parts Crill 1 to 0.4 parts Cremophor RH40 and 1.0 parts (all w/w) FCO reduced the level of 
lipolysis inhibition after 60 minutes from 80% to less than 20%. 

Example 2 

5 

Effects of different hydrophilic surfactant/lipophilic surfactant combinations on the rate of FCO lipolysis in the presence 
of the lipophilic surfactant Crill 4 (sorbitan monooleate) 

[0115] The same weight of FCO (approximately 0.5 g) was digested alone and in the presence of Crill 4 together 
10 with a hydrophilic surfactant with the potential to inhibit lipolysis (e.g. Myrj 45, Crillet 4, Brij 96 Cremophor EL or Cre- 
mophor RH40). The ratios of these components were 0.25:0.375:0.375 parts (w/w), respectively. The experiments 
were performed in accordance with the in vitro test procedure given above. The results from this work, which are 
graphically summarized in Fig. 1 , demonstrate that Crill 4 was not able to at least substantially overcome the inhibitory 
effects of the hydrophilic surfactants Crillet 4, Brij 96 or Cremophor RH40 on the rate of FCO lipolysis. Thus, with these 
15 formulations less than 50% of the FCO component had been digested after 60 minutes compared with the oil alone. 
[01 16] A selection of other lipophilic surfactants were also assessed for their ability to overcome the inhibitory effects 
of Cremophor RH40 on the rate of FCO lipolysis in this formulation system. The results from this work, which are 
graphically summarized in Fig. 2, show that Imwitor 988 (a medium chain partial glyceride) is a very potent re-activator 
of lipolysis. It is believed that the reason why the formulation containing Imwitor 988 exhibits more extensive lipolysis 
20 than the FCO alone is that Imwitor 988 itself undergoes partial digestion. Though to a lesser extent, oleic acid in this 
formulation system is also capable of overcoming the inhibitory effects of Cremophor RH40 on FCO lipolysis. However, 
the other lipophilic surfactants tested (i.e. Maisine, Lauroglycol and Labrafil 2125 CS) had no significant capacity to 
restore lipolysis in this formulation system. 

25 Example 3 



Use of Imwitor 988 to overcome the inhibitory effects of different hydrophilic surfactants on the rate of FCO lipolysis 

[0117] The use of Imwitor 988 as the lipophilic surfactant in a formulation system containing 0.25 parts FCO, 0.375 
30 parts lipophilic surfactant and 0.375 parts (w/w) hydrophilic surfactant completely eliminates the inhibitory effects of 
the latter on lipolysis rate of the oil, as tested by the in vitro test described above. Moreover, this reactivation of lipolysis 
bought about by the presence of Imwitor 988 is essentially independent of the hydrophilic surfactant initially causing 
the blockage. This is graphically demonstrated in Fig. 3. The results here stand in marked contrast to those shown in 
Fig. 1 , which utilised the same formulation systems but with Crill 4 as the lipophilic surfactant. 

35 

Example 4 



Enhancement of the Aqueous Solubilities of a range of Hydrophobic Drugs by Mixed Micelles of Bile Salts and Lipolytic 
Products 

[0118] As stated above, the aqueous solubilities of hydrophobic drugs can be increased by incorporation into mixed 
micelles, formed by bile salts and lipolytic products of triglyceride oil digestion. The improvement in the aqueous sol- 
ubility is demonstrated by the following series of experiments: 



45 METHOD 



[0119] An aqueous medium was prepared to simulate the intestinal environment using the following components: 
100 mis pH 6.5 Tris-maleate buffer solution containing: 



50 5 mM Ca 2+ Cl 2 .H 2 0 

150mMNaCI 



[0120] The medium was prepared as described in the in vitro test procedure described above. To this simulated 
intestinal fluid a series of different components were added to evaluate the enhancement of the aqueous solubility of 
55 a range of hydrophobic drugs. The components which were added were: 



Experiment (i) Nothing (control experiment) 
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Experiment (ii) 
Experiment (iii) 

Experiment (iv) 



1 93 mg glyceryl monooleate). 



to 



15 



20 



^^^^ 

EJi- mixed using a stirrer attached i to a pH-stat ins — ^ ^ ^ ^ 

r0122l Then 100 mg of drug, in powder form, was aoaeo ro through g Q 2 mlcr o n 

E medium was mixed for » hours. At thistme £ determined by a specif, HPLC method. 

^Resu.ts showing the 

!=or allot the drugs investigated higher^ 

= 7H i _ «• X. D. iffar\ 
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•Buffer solubility of drug is below the detect nmu «, 
Example 4 

Enhancement of the Agu eo^Soluhilitv of Progesterone 
[0126] Thesolubilityofprogesteronewasde^ 

. pH 6 50 tris-maleate buffer solution + 15 mM ox bile 

(2:1 molar ratio) ^ d 
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at 37°C in an ultrasonic bath for 120 minutes. After 60 and 120 minutes, 3 ml of each solution were extracted for 
progesterone solubility determination by HPLC, using the following standard procedure: 

[0129] Each sample is filtered through a 13 mm 0.2 u.m PVDF syringe filter (supplied by Whatman®). The first 1.5 
ml of filtrate is discarded. 0.8 ml of the remaining filtrate is combined with 0.8 ml of acetonitrile (the mobile phase) in 
5 an amber glass vial. The vial is then hermetically sealed and shaken by hand and then analysed. 
[0130] The solubility of progesterone in the above media was determined to be as follows: 



10 



Media (pH 6.5) 


Progesterone solubility after 60 
minutes (u.g/mL) 


Progesterone solubility after 120 
minutes (ug/mL) 


Buffer alone 


10.10 ±0.25 


9.47 ±1.16 


Buffer + 15mM bile 


46.63 ± 0.47 


45.54 ±1.08 


Buffer + 15mM ox bile + 0.5% 
MCLPs 


136.23 ±11.02 , 


142.02 ±6.31 


Buffer + 15mM ox bile + 0.5% 
| LCLPs 


152.59 ±6.17 





[0131] The data shows an approximately 4.5-fold increase in the solubility of progesterone in bile salts compared to 
buffer alone. There is an approximately 3-fold further increase in solubility in the presence of 0.5% of either the medium 
chain lipolytic products or the long chain lipolytic products. 



Example 5 

[0132] Progesterone-containing capsules were prepared from the following composition: 



Component 


mg/cap 


% w/w 


Fractionated coconut oil 


190 


17.19 


Imwitor 988 


285 


25.79 


Cremophor RH40 


285 


25.79 


Maisine 35-1 


95 


8.60 


Ethanol 


200 


18.10 


Progesterone 


50 


4.52 


TOTAL 


1105 


100 



[0133] The Cremophor RH40, Maisine 35-1 , FCO and Imwitor 988 are weighed into a vessel and mixed thoroughly 
using a Silverson mixer. The ethanol is added to the progesterone to make a slurry which is subsequently added to 
the oil mixture. This is then mixed by ultrasonication and a Silverson mixer. Any loss in the weight of mix is attributed 
to ethanol loss and this is therefore added to correct this shortfall. The mix is assayed prior to encapsulation in soft 
gelatin capsules. 

[0134] The resulting progesterone-containing capsules were then compared in an open randomized three-way cross- 
over pharmokinetic study against two commercially available progesterone-containing formulations, one being a soft 
capsule formulation and the other a suppository formulation. The study was performed on 1 2 healthy post-menopausal 
women volunteers each of whom received progesterone at an equal dosage rate of 200 mg. The plasma progesterone 
was measured over a 48 hour period. The results showed that the capsules containing the progesterone composition 
in accordance with the present invention achieved a maximum plasma level of over 250 nmol/1 about 2 hours post- 
administration, whereas the maximum plasma level achieved from the commercially available progesterone capsules, 
also at about two hours following administration, was only about one third of this level. The suppository formulation 
exhibited a less sharp, but still lower, peak after about 10 hours. 

Example 6 

[0135] The following are some exemplary formulations in accordance with this invention for encapsulation within a 
hard or soft gelatin capsule. 
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Formulation A (solution 


formulation) J 


Polysorbate 80 


275 mg 


Priolene 


275 mg 


Soybean Oil 


185 mg 


Triacetin 


185 mg 


Fenofibrate 


j 80 mg 



10 



15 



Formulation B (solutionjo^^ 


Cremophor RH40 

Fractionated Coconut Oil 

Maisine 

Imwitor 988 

Ethanol 

progesterone 


300 mg 
240 mg 
200 mg 
110 mg 
100 mg 
j 50 mg 



20 



25 



' Formulation C (suspens^o^ 


Cremophor RH40 
Fractionated Coconut Oil 
Crill 1 

Griseofulvin 


225 mg 
315 mg 
360 mg 
100 mg j 



30 



35 



loTm^alio^^ 


Polysorbate 80 
Soybean Oil 
Priolene 
Probucol 


280 mg 
340 mg 
280 mg 
100 mg 



40 



45 



Example 7 

[0136] The following are two 
for encapsulation within a hard 



further progesterone-containing formulations in 



accordance with the present invention 



50 



Formulation 1 __=======4 


Component 


Concentration (%w/w)J 

; 1 


Progesterone 




Fractionated coconut oil 


16 


Cremophor RH40 


28 


Lauroglycol 


37 


f Ethanol 


15 I 



55 



|[ p nrn niilation 2 


| Component 


Concentration (%w/w) ^ 


| Progesterone 
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(continued) 



Formulation 2 


Component 


Concentration (% w/w) 


Soybean oil 


16 


Tween 80 


20 


Imwitor 988 


45 


Ethanol 


15 



Claims 

15 1. The use of a lipophilic surfactant component for the manufacture of a pharmaceutical composition comprising a 
hydrophobic drug dispersed or dissolved in a digestible oil which contains a hydrophilic surfactant component and 
where some or all of which oil is optionally comprised by the lipophilic surfactant component, for substantially 
reducing the inhibitory effect of the hydrophilic surfactant component on the in vivo lipolysis of the digestible oil. 

20 2. The use according to claim 1 , wherein said lipophilic surfactant component comprises one or more lipophilic sur- 
factants selected from fatty acids and mono- and/or di-glycerides of fatty acids. 

3. The use according to claim 2, wherein said lipophilic surfactant component comprises one or more of oleic acid, 
a glyceryl mono-/dicaprylate surfactant and a glyceryl mono-/di-caprylate/ca prate surfactant. 

25 

4. The use according to any one of claims 1-3, wherein said hydrophilic surfactant comprises a castor oil or hydro- 
genated castor ethoxylate having an HLB value greater than 10. 

5. The use according to claim 4, wherein said hydrophilic surfactant component comprises a polyoxyethylene hydro- 
30 genated castor oil. 

6. The use according to any one of claims 2-5, wherein the composition comprises 

(a) from 10-90% by weight of the digestible oil, 
35 (b) from 10-60% by weight of the hydrophilic surfactant component, and 

(c) from 5-60% by weight of the lipophilic surfactant component. 

7. The use according to any preceding claim, wherein the composition also includes a hydrophilic solvent. 

40 8. The use according to claim 7, wherein said hydrophilic solvent is present in an amount of from 0. 1 to 20% by weight 
based on the weight of the composition excluding the hydrophobic drug. 

9. The use according to any preceding claim, wherein some or all of the digestible oil is comprised by the lipophilic 
surfactant component. 

45 

10. The use according to any preceding claim, wherein the composition comprises from 0.1% to 50% by weight of 
said drug and correspondingly from 50% to 99.9% by weight of the remainder of the composition. 

11. The use according to claim 10, wherein said hydrophobic drug is progesterone. 

50 

12. The use according to any preceding claim, wherein the composition is in a liquid oral unit dosage form. 

13. The use as claimed in claim 12, wherein the composition fills a hard or soft capsule. 

55 
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2. Utilisation selon la revendication 1 , dans laquelle ledit constituant agent tensioactif lipophile comprend un ou plu- 
sieurs agents tensioactifs lipophiles choisis parmi les acides gras et les mono- et/ou di-glycerides d'acides gras. 

3. Utilisation selon la revendication 2, dans laquelle ledit constituant agent tensioactif lipophile comprend un ou plu- 
sieurs ingredients parmi Tacide oleique, un agent tensioactif mono-/di-caprylate de glyceryle et un agent tensioactif 
mono-/dicaprylate/caprate de glyceryle. 

4. Utilisation selon Tune quelconque des revendications 1 -3, dans laquelle ledit agent tensioactif hydrophile comprend 
une huile de ricin ou un ethoxylate de ricin hydrogene ayant une valeur HLB superieure a 10. 

5. Utilisation selon la revendication 4, dans laquelle ledit constituant agent tensioactif hydrophile comprend une huile 
de ricin hydrogenee polyoxyethylenee. 

6. Utilisation selon Tune quelconque des revendications 2-5, dans laquelle la composition comprend 

a) de 10 a 90% en poids de Phuile digestible, 

b) de 10 a 60% en poids du constituant agent tensioactif hydrophile, et 

c) de 5 a 60% en poids du constituant agent tensioactif lipophile. 

20 7. Utilisation selon Tune quelconque des revendications precedentes, dans laquelle la composition inclut aussi un 
solvant hydrophile. 

8. Utilisation selon la revendication 7, dans laquelle ledit solvant hydrophile est present en une quantite de 0,1 a 20% 
en poids par rapport au poids de la composition, a I'exclusion du medicament hydrophobe. 

25 

9. Utilisation selon I'une quelconque des revendications precedentes, dans laquelle une partie ou la totalite de I'huile 
digestible estcomposee par le constituant agent tensioactif lipophile. 

10. Utilisation selon Tune quelconque des revendications precedentes, dans laquelle la composition comprend de 
30 0,1% a 50% en poids dudit medicament et, de facon correspondante, de 50% a 99,9% en poids du reste de la 

composition. 

11. Utilisation selon la revendication 10, dans laquelle ledit medicament hydrophobe est la progesterone. 

35 12. Utilisation selon I'une quelconque des revendications precedentes, dans laquelle la composition est sous forme 
posologique unitaire orale liquide. 

13. Utilisation selon ia revendication 12, dans jaqueile la composition remplit une capsule dure ou molle. 
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